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Abstreot

Measurements wvith an X-band system shov that sea return follows a
lav betvesn an inverse square and inverse cube vith range, and
between rero and the first power vwith pulse duration, tending
tovard the former set of conditions with shorter range, steeper
incidence, and longer pulses. 3Ses return in surfaoce radar follows
olosely the latter limits; the return for high-angle radar-control-
led nissiles approaches the former. The maximum difference in sea
return betwveen vertiocal and horisontal polarization is approximately
10 db, with about the same maximm difference for different headings.
Vertical pohr:.ntion and upvind headings give the greatest return.
At sn incidence of 459 an increase in roughness of the sea corres-
ponding to a change of surface wind velocity from 1 to 10 knots
increases ses return by 30 db, vwith an even greater change at more
slanting incidence. For a changs of incidence from 1° above the
horisontal to vertical, return from s Besufort 3 sea {a fov uhite-
caps) at e oonstant valus of range varies by &s much as TO db, the
return for different roughness of sea, headings, polarizations,
and pulse durations approaching the same value &8s the incidence
nears the vertical.
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Z=BAND SEA-RETURN KEASUREMERTS

Radar reflections from the roughened surface of tha sea result
in & signal vhose variation with range, pulse duration, and beam
sngle is readily approximated by theoreticel predictions. The
messurements described in this report are tc substantiate these
predictions az far as possible and further to provide sufficient
empirical data conesrning the variation cf sss return with angle
of incidence, roughness cf sea, heading, and polarisstion, i.e., -
variables to which sea return is not easily related by theory, to
&llov the epproximate prediction of X-band sea return under practi-
cal conditions. MNeasurements of ship and sirplane target return
are incluied for direct comparison.

&. Theorstical Predictions. :
The received vcitage from sea return is the resultant of tha
addition of the many tiny pulees returned Ifrom each of tha wvave-
lets that presents a scattering point on the sea, each pulse of r=f
voltage being added in e phase determined by its distance from tha
radar system. Sinee the number of scattering peints is usually
very large and the relative distances random, the felloving statis-
tiocal prediotion can be made ebout the power returned: The average
received pover will be proportional te the number of scattering

points and tc the pover density of the field inoident on the po:l.n'tl.l

Tc determine the approximate manner in vhich these twe factors
vary vith range, pulse duretion, and beam angle, it is convenient
to oconsider the twec separate caass shown in Fig. 1. The symbels
used are defined in the figure. An expreasion for the pover return-
ed by the sea ot a given range (everaged over a large number of sveeps
sc that & statistical prediction can be made) is cbtained in eech
case by multiplying the rower received from one scattering peint
by the number of peinte whose return adds to the power at the given
point on the range sweep. The rsceived pover contributed by each
soattering peint is assumed tc be the seme. This in turn assunmes that
the antenna transmits and receives uniformly over a definite angle
but nct cutside of that angle and alsc that the return is not affect-
od by the small differences in range or incidence to scattering points
in the narrow strip that contributes overlapping pulsee.

In Case I the number of scattering peints invelved is dependent
on the pulse duration, since only part of the returned pulses (with-
in the range inorement §¢/2) overlap and contribute tc the received

—
Por thaoretical justifiocation see RL Report 43-2%, page 8.
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L RGAgngic
% () r>Zcos @

Case T (ra >3 tan6)

Top View &

| d B (vee.pwr. fscatter)(nos. of scattens)

22
2Bt Scattevs w creps-harched P’ = &-Gi—;—)(h * I‘? : -"t‘;‘_o)

dred contributa t» saa (Ql't'“

raturn of a singla time Pl'- (%m&

L) Vange sweep 1l‘)"r' sin @

Case ]1 (l"d-< S“{‘ tan 9)

Definitions of symbols not indicated on diagram;

Pgs transmitted power

G z gain of transmitting antenna over point source

S = pulse duration

o g speed of light

4 » absorption eross section of receiving antenna

Ppz power received from sea return at a given range averaged
over a large number of range eweeps

Ous effoctive crose section of each scatter as a fupction of ©

n = average number of scatters om a unit area of the ses

FIZ. I. Two capee in the theoretical predlction of sea return.
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Report 870 January 10, 1946

Abstreot

Measurements wvith an X-band system shov that sea return follows a
lav betvesn an inverse square and inverse cube vith range, and
between rero and the first power vwith pulse duration, tending
tovard the former set of conditions with shorter range, steeper
incidence, and longer pulses. 3Ses return in surfaoce radar follows
olosely the latter limits; the return for high-angle radar-control-
led nissiles approaches the former. The maximum difference in sea
return betwveen vertiocal and horisontal polarization is approximately
10 db, with about the same maximm difference for different headings.
Vertical pohr:.ntion and upvind headings give the greatest return.
At sn incidence of 459 an increase in roughness of the sea corres-
ponding to a change of surface wind velocity from 1 to 10 knots
increases ses return by 30 db, vwith an even greater change at more
slanting incidence. For a changs of incidence from 1° above the
horisontal to vertical, return from s Besufort 3 sea {a fov uhite-
caps) at e oonstant valus of range varies by &s much as TO db, the
return for different roughness of sea, headings, polarizations,
and pulse durations approaching the same value &8s the incidence
nears the vertical.

E. V. Cowan

Approved by:
€.
Leader, (roup
Title Page
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Z=BAND SEA-RETURN KEASUREMERTS

Radar reflections from the roughened surface of tha sea result
in & signal vhose variation with range, pulse duration, and beam
sngle is readily approximated by theoreticel predictions. The
messurements described in this report are tc substantiate these
predictions az far as possible and further to provide sufficient
empirical data conesrning the variation cf sss return with angle
of incidence, roughness cf sea, heading, and polarisstion, i.e., -
variables to which sea return is not easily related by theory, to
&llov the epproximate prediction of X-band sea return under practi-
cal conditions. MNeasurements of ship and sirplane target return
are incluied for direct comparison.

&. Theorstical Predictions. :
The received vcitage from sea return is the resultant of tha
addition of the many tiny pulees returned Ifrom each of tha wvave-
lets that presents a scattering point on the sea, each pulse of r=f
voltage being added in e phase determined by its distance from tha
radar system. Sinee the number of scattering peints is usually
very large and the relative distances random, the felloving statis-
tiocal prediotion can be made ebout the power returned: The average
received pover will be proportional te the number of scattering

points and tc the pover density of the field inoident on the po:l.n'tl.l

Tc determine the approximate manner in vhich these twe factors
vary vith range, pulse duretion, and beam angle, it is convenient
to oconsider the twec separate caass shown in Fig. 1. The symbels
used are defined in the figure. An expreasion for the pover return-
ed by the sea ot a given range (everaged over a large number of sveeps
sc that & statistical prediction can be made) is cbtained in eech
case by multiplying the rower received from one scattering peint
by the number of peinte whose return adds to the power at the given
point on the range sweep. The rsceived pover contributed by each
soattering peint is assumed tc be the seme. This in turn assunmes that
the antenna transmits and receives uniformly over a definite angle
but nct cutside of that angle and alsc that the return is not affect-
od by the small differences in range or incidence to scattering points
in the narrow strip that contributes overlapping pulsee.

In Case I the number of scattering peints invelved is dependent
on the pulse duration, since only part of the returned pulses (with-
in the range inorement §¢/2) overlap and contribute tc the received

—
Por thaoretical justifiocation see RL Report 43-2%, page 8.
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P, = (rec. pwr. ZoattarXne. o scatrerd
o s
- (BEAF ) et

L RGAgngic
% () r>Zcos @

Case T (ra >3 tan6)

Top View &

| d B (vee.pwr. fscatter)(nos. of scattens)

22
2Bt Scattevs w creps-harched P’ = &-Gi—;—)(h * I‘? : -"t‘;‘_o)

dred contributa t» saa (Ql't'“

raturn of a singla time Pl'- (%m&

L) Vange sweep 1l‘)"r' sin @

Case ]1 (l"d-< S“{‘ tan 9)

Definitions of symbols not indicated on diagram;

Pgs transmitted power

G z gain of transmitting antenna over point source

S = pulse duration

o g speed of light

4 » absorption eross section of receiving antenna

Ppz power received from sea return at a given range averaged
over a large number of range eweeps

Ous effoctive crose section of each scatter as a fupction of ©

n = average number of scatters om a unit area of the ses

FIZ. I. Two capee in the theoretical predlction of sea return.
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ABSTRACT:

Meamsiraments oith an X-band system show that sea return fellows a lnw betoecn an
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